BACKGROUND: Clinical research has developed slowly in most academic hospitalist programs, possibly because of a failure to recognize the important role of specialists in the diagnosis and management of complex medical patients as well as their expertise in clinical research. Ideally, a successful hospital-based clinical research program will need to partner hospitalists with specialists.
D ramatic changes in the organization, financing, and delivery of hospital care that began a decade ago continue to accelerate. One of the most important changes has been the emergence of hospitalists as providers of inpatient care. 1 Hospitalists are physicians, usually general internists, whose clinical focus is the hospitalized patient. As patient illnesses have become more severe and complex, physicians have found it difficult to balance inpatient and outpatient care and have focused on one of the two. [2] [3] [4] [5] It is estimated that there are currently 15,000 practicing hospitalists nationally, and projections suggest that this number may exceed 30,000 by 2010, which is equal to the number of cardiologists currently practicing in the United States. 6 A 2003 survey from the American Hospital Association showed that more than 30% of the nation's 4900 community hospitals have hospital medicine groups. 7 Furthermore, more than 70% of the nation's largest hospitals (>500 beds) and 66% of major teaching hospitals use hospitalists. 7 The transition to a hospitalist model generates multiple new research questions about the best approach to caring for the hospitalized patient. Additionally, hospitalists may spawn new areas of clinical research by tackling clinical issues that formerly lacked a large number of specialist investigators. Examples include implementation-based studies, 8, 9 inpatient safety practices, [10] [11] [12] quasi-experimental studies focusing on common inpatient issues, 13, 14 and the evaluation of new methods for reducing resource utilization within various inpatient care delivery structures. 15, 16 Similarly, if future clinical trials are to be carried out in real-world settings, by necessity these will require the participation of hospitalists. Clinical research performed by hospitalists and hospital medicine programs, however, remains underdeveloped. Although this has been attributed to several variables, including the youth of the field, a paucity of fellowship-trained hospitalist researchers, and a lack of a hospitalist-oriented national funding source, we also believe that additional barriers exist which could be overcome if hospitalists actively partnered with specialists to perform hospital-based clinical and translational research.
Hospitalists lack clinical expertise in many clinical issues. In both academic and nonacademic settings, the diagnostic approach, individual treatment decisions, and follow-up of complex patients occur with frequent consultation of specialists. Specialists often provide a deeper understanding of both the pathophysiologic concepts and scientific principles underlying important clinical questions and are more likely to have had fellowship training that included clinical research experience. Specialists also have more access to extramural funding for disease-based investigation, and thus their involvement in hospital-based clinical research would likely enhance funding opportunities, improve project feasibility, and increase dissemination of the results. A successful clinical research program will therefore be one that combines specialists and hospitalists working collaboratively to determine the best way to care for inpatients. With that in mind, we cre-ated the University of Michigan Specialist-Hospitalist Allied Research Program (SHARP).
METHODS

Setting
The University of Michigan Medical Center includes a 900-bed teaching hospital with more than 44,000 yearly inpatient discharges, and the Department of Internal Medicine manages nearly 15,000 annual discharges. The University of Michigan Hospital Medicine Program has grown dramatically over the past few years and now includes more than 30 hospitalists. These hospitalists will manage nearly 8000 admissions in the upcoming year, which represent more than half of all the patients admitted to the Department of Internal Medicine. Five years ago, these 8000 admissions would have been cared for by 3 to 4 times as many providers, most of whom would have been specialists. Currently, specialists consult regularly on patients cared for by hospitalists, and as a result, a few loosely formed research collaborations developed spontaneously but lacked resources or infrastructure to facilitate their completion. SHARP was intended to organize these clinical research pilot studies and jumpstart hospital-based clinical and translational research.
The SHARP Intervention Objectives
In 2006, hospitalists and specialists with an interest in expanding clinical and translational research aimed at caring for inpatients were brought together for the SHARP intervention. This intervention had several objectives:
To develop a clinical research infrastructure within
the University of Michigan Hospital Medicine Program to facilitate patient participation. 2. To foster increased specialist-hospitalist collaboration for addressing common inpatient problems. 3. To facilitate pilot projects and preliminary data collection that enhance the ability to obtain subsequent extramural funding for collaborative research projects. 4. To facilitate multicenter investigation led by the University of Michigan by allowing the SHARP investigators to use an existing hospitalist consortium to expand the scope of research projects. 5. Ultimately, to develop the ability to perform multicenter intervention-based clinical trials.
Structure
The key to SHARP's infrastructure is its personnel and governance structure. At the head of SHARP is an academic hospitalist as principal investigator (PI) and an academic cardiologist with health services research training serving as coprincipal investigator (Co-PI). Key personnel also include a hospitalist investigator, a masters-level research associate, a PhD clinical epidemiologist, and the hospitalists and subspecialists who serve as investigators. Although the program leadership has research experience, many of the hospitalist and specialist investigators are junior faculty without extensive prior research experience. Thus, SHARP was specifically designed to build the capacity to enhance inpatient clinical and translational research and to remove barriers for new investigators developing their academic careers. It is critical that oversight provides direction for the research program, assists with project identification and selection, and facilitates collaborations that tie diverse projects together. We believe that this is best accomplished by the creation of a steering committee chaired by both the PI and Co-PI. The steering committee also includes key individuals such as the Vice Chair of the Department of Medicine and the Associate Dean for Clinical and Translational Research at the University of Michigan. The 2 cochairs are responsible for overseeing the program and reporting the progress of SHARP to the University of Michigan Department of Internal Medicine. They will help identify and produce viable research proposals that can be brought to the full committee. To help the program understand and overcome bureaucratic obstacles, we have also included a former high-level administrator on the steering committee as a consultant. Given the initial scope of the program, the SHARP steering committee has had a small number of key individuals. As the program grows and increases its number of ongoing collaborative projects, we will likely need to expand committee membership.
SHARP leadership meets regularly to plan projects, discuss grant ideas, make hiring decisions, and troubleshoot problems in existing projects. The entire steering committee meets quarterly to help chart the overall course of the program. A more thorough description of the program and its structure can be found on the SHARP Web site (www.med.umich.edu/sharp).
SHARP Funding
SHARP could not exist without resources. The funding for the program comes from the Department of Internal Medicine and uses revenue from the hospital medicine program that flows to the department. To garner support for the program, SHARP leadership sought buy-in from the Chair of Medicine, all the division chiefs, and key faculty active in clinical research. The fact that the program has the potential to benefit not just hospitalists but also other department faculty such as specialists facilitated departmental funding. The program is funded for 3 years with an 18-month program review to gauge progress. Funding is used to build clinical research infrastructure and facilitate collection of pilot data. SHARP resources support a portion of the salaries of key personnel for the 3-year duration of the project (research associate, 50%; PI, 10%; Co-PI, 5%; and epidemiologist, 5%), after which time intramural funding ends. Every SHARP project is, therefore, expected to apply for extramural funding with the goal of full extramural programmatic support after 3 years.
SHARP Performance Metrics
Measuring the accomplishments of SHARP is clearly important. As the program is intended to jumpstart collaborative inpatient clinical research, the number of such projects is important to track. An additional goal is to support work that leads to extramural funding. As the program started from ''scratch,'' it is unrealistic to have completed peerreviewed manuscripts or successful extramural grants as the sole metrics by which the program is judged, especially early in its initiation. In a yearly report to the department chair, we will report on primary and secondary outcomes (see Table 1 ).
Initial SHARP Projects
SHARP has a formal process for evaluating potential projects. A steering committee ultimately decides how best to use SHARP-related resources. Key components in this decision are related to the proposal's innovation, feasibility, and importance as well as the extent of specialist-hospitalist collaboration. The 2 projects described next are our initial areas of focus and exemplify these concepts. One project partners hospitalists with infectious disease specialists, whereas the second pairs hospitalists with geriatricians and clinical pharmacists.
Reducing False Positive Blood Cultures. The blood culture is an important tool for the diagnosis and management of bloodstream infections. As a result, physicians have a low threshold for obtaining blood cultures. Unfortunately, up to half of all positive blood cultures are positive because of contamination. These false positive cultures lead to additional diagnostic testing, unnecessary antibiotics, and increased healthcare costs. 17 A variety of antiseptic agents and techniques are used to prevent falsely positive cultures. However, a recent evidence-based systematic review performed by University of Michigan investigators found no clear evidence to suggest which antiseptic agent should be routinely used. They concluded that a randomized controlled trial was urgently needed. 18 SHARP and its infrastructure have begun a cluster-randomized crossover trial at the university hospital. The trial compares the effects of a variety of skin antiseptic agents on peripheral blood culture contamination rates. The study population includes hospitalized patients undergoing venipuncture for peripheral blood cultures on 3 general medicine and surgery floors. The trial will include over 12,000 blood culture sets and will have 85% power to detect a 0.5% difference in effectiveness between antiseptic agents. Key outcomes will be rates of positive blood cultures (true positive versus false positive), quantity of additional diagnostic testing generated by positive cultures, resource use (including antibiotics), and associated costs. Clinical outcomes such as length of stay and inpatient mortality will also be measured as secondary outcomes. Pharmacist-Facilitated Hospital Discharge. Hospital discharge is a complex process in which patients must be transferred from the care of an inpatient team to that of an outpatient provider. During most hospitalizations, a patient will have new medications added, a chronic medication stopped, or a change in medication dosage. Studies have revealed that the most common adverse events that have an impact on patients after discharge are related to medications. [19] [20] [21] In our experience at the University of Michigan, patients frequently have medication-related adverse events after discharge because they do not understand what medications they should be taking, what they are used for, how to manage side effects, or whom to call with problems. In addition, predictable medication-related issues (such as the ability to pay for a medicine or expected serum electrolyte changes with newly added medications) are not universally anticipated. The frail elderly are especially vulnerable to medication-related adverse events.
Building on the work of others in the field, we proposed studying the impact of an inpatient clinical pharmacist to address medication misadventures related to hospital discharge in our elderly population. 22 The study uses an interrupted time series design (the pharmacist will alternate months at a nonresident hospitalist service and a resident general medicine service) to measure the impact of the clinical pharmacist. The pharmacist will focus on patients over the age of 65 meeting criteria that identify them to be at high risk for an adverse medication event after discharge. These factors include any new medication started in the hospital, medication noncompliance or an adverse medication event that led to the admission, or use of a high-risk medication (eg, anticoagulants, narcotics, diuretics, diabetic agents, and immunosuppressives). The pharmacist and inpatient physicians will identify high-risk patients who will receive predischarge medication counseling. This process will identify problem medications and needed follow-up (eg, laboratory testing) and assess compliance issues. After discharge, patients will be contacted by the pharmacist both within 72 hours and at 30 days. Standardized questions will be asked of patients to troubleshoot medica- tion issues, assess them for problems with medications or follow-up, and identify patients who may need more urgent access to a healthcare provider to address medication-related problems. Key outcomes will include the pharmacist's actions at discharge (eg, dose changes made, medication class switches, and side-effect monitoring implemented). In addition, we will track types of medication issues identified after discharge and interventions made. Important clinical outcomes will include return to the emergency department after discharge, 30-day readmission rates, and healthcare-related costs.
DISCUSSION AND NEXT STEPS
SHARP is a novel clinical research program partnering hospitalists with specialists. Its current focus targets single-institution studies that generate pilot data leading to larger projects. The ultimate goal is to develop the ability to do larger multicenter investigator-initiated projects. The SHARP program will also have the ability to perform observational studies to identify predictors and risk factors and the ability to carry out implementation studies that show how best to translate results from published articles to direct patient care.
A specialist-hospitalist collaboration overcomes barriers that we feel may impede hospital medicine research at an academic medical center. For a similar program to succeed at other institutions, key components from our program will have to be replicated. First, senior, fellowshiptrained researchers are required to mentor junior investigators (who may or may not have additional fellowship training), help guide project selection, oversee grant and manuscript submissions, and troubleshoot problems that arise in the course of any clinical research project. In our institution, this comes from within our hospitalist program and from our specialist collaborators. In institutions lacking hospitalists with research experience, this guidance could come from within a division of general medicine, internal medicine specialty divisions, internal medicine department leadership, or even non-internal medicine departments (eg, emergency medicine, neurology, and surgery) that have traditionally been involved in clinical research programs.
A second key component that must be considered is funding. An initial investment is necessary to fund key personnel dedicated to getting projects started on the right track, collecting pilot data, and ensuring project completion and dissemination of the results. The positive ''margin'' generated by our hospitalist program facilitated the initial investment. In the absence of a positive margin, resources could come directly from the hospital, the medical school, the department of internal medicine, or perhaps a foundation. The case would need to be made that an initial shortterm investment would enhance the academic standing of the institution, enhance the careers of young investigators, and over time lead to a selfsustaining program through investigator-initiated grants and extramural funding. In addition to experienced leadership and funding, we created an oversight committee, but we feel that this is not a critical component. A potential concern with a program that partners with specialists might be that research topics become too disease-specific or ''specialty-oriented.'' We specifically created the oversight committee to protect against this possibility, and other institutions might need similar safeguards.
Our next step includes leveraging existing hospitalist collaboratives that reach beyond academic medical centers to expand further the reach of SHARP. Ultimately, any new therapy, clinical tool, diagnostic paradigm, or implementation strategy that is developed or evaluated by the SHARP program would need to be tested in a real-world setting to assess external validity. With support from the Blue Cross Blue Shield of Michigan Foundation, we have created a multihospital patient safety consortium, the Hospitalists as Emerging Leaders in Patient Safety Consortium, which includes academic, government, urban, rural, teaching, and nonteaching hospitals. 23 Although the initial focus is patient safety, our goal for the consortium is to develop it into a multihospital clinical research program that could take pilot projects developed by SHARP and test them in real-world settings. We believe that full-scale multihospital studies based on SHARP pilot data will be very attractive to external funding agencies and will help SHARP become financially self-sufficient after the initial 3-year start-up.
Hospital medicine research is desperately needed. 24, 25 Unfortunately, the clinical research capabilities of most hospital medicine programs are quite underdeveloped. We believe that part-
